G laucoma is the leading cause of irreversible blindness worldwide. 1 Angle closure glaucoma (ACG) is a major form of glaucoma that is characterized by narrowing of the anterior chamber angle, usually with the presence of iridotrabecular contact. ACG creates greater morbidity than open angle glaucoma and accounts for approximately 50% of bilateral glaucoma blindness. 2, 3 Due to the difference in management strategy, it is important to discern the ACG from the open angle type. Currently, optical coherence tomography (OCT) has an increasing role in the evaluation of the anterior segment as an adjunct to standard gonioscopy examination. Anterior segment OCT (AS-OCT) can provide both qualitative and quantitative information that is beneficial for the assessment for narrow/ closed angles.
Since the introduction of the first-generation time-domain (TD) AS-OCT (Visante OCT), there have been numerous publications using this machine to assess various aspects of angle structure and anterior segment anatomy. 4, 5 Several parameters obtained by the Visante OCT have been shown to have excellent diagnostic ability for angle closure disease. [6] [7] [8] [9] [10] been speculation as to whether values obtained from CASIA2 are equivalent to those from Visante OCT. We aimed to assess the interdevice agreement of the anterior segment parameters obtained from these two AS-OCT devices to answer whether their values were interchangeable and what the offset between the devices were, if any.
METHODS
Institutional review board approval was obtained from the University of California, San Francisco. This study was conducted in accordance with the tenets of the Declaration of Helsinki. The subjects were enrolled between September 2016 and June 2017. Written informed consent was obtained for all individuals before enrollment in this study.
Subjects
The subjects were recruited from general ophthalmology and glaucoma clinics at the University of California, San Francisco. The inclusion criteria were age greater than 20 years old and no history of any intraocular surgery or laser. Exclusion criteria included any corneal or conjunctival abnormalities precluding adequate assessment of the anterior chamber by AS-OCT, active ocular infection, or inability to perform the test.
All subjects underwent slit-lamp examination, Goldmann applanation tonometry, and gonioscopy by a single examiner (SCL). Eyes that had Shaffer angle grading 1 or less for 180 degrees or more were defined as closed angle; otherwise, they were considered to be open angle.
All subjects were scanned with both Visante OCT and CASIA2 after 5 minutes of dark adaptation (<1 lux illumination at the imaging plane). Scans were performed by a single trained operator. An assistant helped in holding the subjects' eyelids, which was done gently to avoid pressure to the globe, in the same manner for both devices. The sequence of the devices was randomized to prevent time-or illumination-dependent differences in ocular anatomy.
Visante OCT Image Acquisition
Visante OCT (software version 3.0.1.8; Carl Zeiss Meditec, Inc., Dublin, CA, USA) images were acquired using the anterior segment single mode. The alignment of the scanning line was adjusted to go through the center of the pupil, with temporal and nasal angles aligned on the 180-degree axis. The image quality was assessed by the operator during the acquisition. The images that showed the interference beam along the visual axis indicating proper eye alignment and had the best quality in terms of the visualization of the scleral spurs and ARAs were chosen and exported for further analysis.
CASIA2 Image Acquisition
The angle analysis mode, which is comprised of 16 consecutive meridional scans (800 A-scans per line), was used for CASIA2 (Tomey Corporation, Nagoya, Japan) image acquisition. The scan was performed using the autoalignment function. The image quality was assessed during the acquisition by the operator. Only the images from the horizontal (180-degree) alignment were used for the analysis. The horizontal images that had poor visualization of the scleral spurs and angle areas were excluded. Example images from Visante OCT and CASIA2 are shown in Figure 1 .
Image Analysis
One best-quality image per subject from each device was used for analysis. All images were analyzed by a fellowship-trained grader (SC) who was masked to the clinical and gonioscopic results. The grading for Visante OCT and CASIA2 was done separately, and the image sequence was in a random fashion.
For the images from Visante OCT, the measurements were performed using a customized software, the Zhongshan Angle Assessment Program (ZAAP; Guangzhou, China), which automatically calculated the parameters after manual identification of the temporal and nasal scleral spurs (SS). The CASIA2 images were analyzed by a built-in 2D Analysis software that automatically calculated the measurements along with the structural outlines and reference lines. Although the software automatically generates the SS marks, the grader rechecked and manually adjusted the position of the SS where appropriate to assure that the grading was done in the same way as with Visante OCT. For both devices, the software-generated image outlines and reference lines were assessed by the grader to assure the accuracy of the measurements. The outline tracer was edited where needed in CASIA2. However, in Visante OCT, the customized software does not allow for manually adjusting the outline tracers. Thus, the eyes for which the Visante images had incorrect ZAAP software-generated outlines were excluded.
The determination of SS was based on (1) the point at which there was a change in curvature in the corneoscleralaqueous interface, 12 (2) the apex of an internal projection of the inner margin of the cornea and trabecular meshwork, and (3) the point at which the interface line between the lessreflective ciliary muscle and sclera intersects with the inner corneal margin. From the analysis software used in this study, six angle parameters, two anterior chamber parameters, and one lens parameter were available for comparison between the two machines. Iris parameters were not included in the study because they are not available in the 2D Analysis setting of the CASIA2 machine. The angle parameters included angle opening distance (AOD) at 250, 500, and 750 lm from the SS (AOD250, AOD500, and AOD750); angle recess area (ARA) at 750 lm from the SS (ARA750); and trabecular iris space area (TISA) at 500 and 750 lm from the SS (TISA500 and TISA750). The anterior chamber parameters included anterior chamber depth (ACD) and anterior chamber width (ACW). The lens parameter was lens vault (LV). The definitions of each parameter have been previously described. 14 The comparison of each angle parameter was done separately for the nasal and temporal angles.
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Statistical Analysis
Means and standard deviations were calculated for continuous variables. The data were shown as counts and percentages for categorical variables. Intraclass correlation coefficients (ICC) for absolute agreement 15 and Bland-Altman plots were used to assess the agreement between parameters from the two devices. In addition to the Bland-Altman plots, we reported the bootstraps percentile interval (2.5th to 97.5th percentile [P2.5 to P95.7]) for the estimated regression of slope to assess the relationship of the difference as the function of the mean. Orthogonal linear regression was performed to assess for any proportional bias and constant offset. All analyses were performed using R version 3.3 for Macintosh (R Foundation for Statistical Computing, Vienna, Austria).
RESULTS
A total of seven eyes from seven subjects were initially excluded from the study due to poor image quality. All the exclusions were Visante OCT images, including two images in which the SS could not be clearly identified, four images that had poor quality at the apex of the angle, and three eyes with incorrect image outlines by the ZAAP software.
After image exclusion, the study was comprised of 53 eyes from 41 subjects. The mean (SD) age of the subjects was 70.9 (8.4) years, ranging from 52 to 86 years old. Of 41 subjects, 29 (70.7%) were females and 12 (29.3%) were males. Of the 53 studied eyes, the mean (SD) visual acuity in decimals was 0.82 (0.22). Regarding the angle status as classified by gonioscopy, 32 (60.4%) eyes were in the open group and 21 (39.6%) eyes were in the closed group. The characteristics of anterior segment parameters obtained from CASIA2 and Visante AS-OCT, as well as the analysis of the interdevice agreement, are shown in the Table. The ICC for LV showed excellent correlation (0.925). The ICCs for angle parameters suggested good agreement (up to 0.878) except for temporal AOD500 and ARA750. For temporal AOD500, we found moderate agreement (ICC 0.743), while for ARA750, we found poor agreement (nasal ARA750: ICC 0.481; temporal ARA750: ICC 0.481). For anterior chamber parameters, ICC showed evidence of excellent agreement for ACD (0.992) and moderate agreement for ACW (0.801). 15 Bland-Altman plots showed good agreement in all parameters with narrow limits of agreement (LOA) (Figs. 2-4 ). All measured parameters demonstrated minimal mean difference between the two devices (À0.089 to 0.0263). Examining the Bland-Altman plots, we found evidence that the line of equity (mean difference of zero) resided outside the 95% confidence interval (CI) of the mean difference for the following: nasal AOD250, nasal AOD500, nasal AOD750, nasal ARA750, temporal AOD500, temporal AOD750, temporal ARA750, and ACD. In addition, The bootstraps percentile interval for the estimated regression of slope showed that the variability of the differences between the devices was significantly dependent on the magnitude of the measurements for nasal ARA750 (P2.5 to P95.7: À0.990 to À0.582); temporal ARA750 (P2.5 to P95.7: À1.076 to À0.665); nasal TISA500 (P2.5 to P95.7: À0.413 to À0.116); and nasal TISA750 (P2.5 to P95.7: À0.335 to À0.067). Among parameters that possessed significant biases, CASIA2 tended to provide higher measurements in most angle parameters and ACD, while the ARA750 values from the Visante OCT tended to be higher than those from the CASIA2.
The orthogonal regression evidence of proportional bias existed for nasal ARA750 (slope 2.44, 95% CI 1.95-3.18), temporal ARA750 (slope 2.57, 95% CI: 2.04-3.40), and nasal Agreement 
DISCUSSION
Our study evaluated the agreement for six angle parameters, two anterior chamber parameters, and one lens parameter between two dedicated AS-OCT devices-CASIA2 and Visante OCT. Bland-Altman plots demonstrated generally good agreement between the two devices. ICC analysis showed good to excellent correlation in anterior chamber and lens parameters. For the angle parameters, there was good agreement in all angle parameters except ARA750 and temporal AOD500, in which the ICCs fell within the moderate correlation range. In terms of biases, ARA750 possessed significant proportional and constant biases. Regarding the constant bias, the offsets were minimal (À0.09 to À0.05). CASIA2 tended to give greater measurements among parameters that were found to have constant bias, except for ARA750, where Visante OCT measured larger. There was no evidence of either type of bias among the anterior chamber and lens parameters.
A dedicated AS-OCT is designed to optimize the imaging of anterior segment structures. Compared to posterior segment OCTs, which use wavelengths from 830 to 880 nm, AS-OCT utilizes the wavelength of 1310 nm, which permits highintensity illumination and increased penetration through the nontransparent tissue such as the sclera. Thus, it allows clear visualization of the angle structures. 16 Currently, there are only a few dedicated AS-OCT models available. The Visante OCT is a first-generation AS-OCT that utilizes time-domain technology. It has a scan speed of 2048 A-scans per second with a transverse resolution of 60 lm and a vertical resolution of 18 lm. 17 Recently, swept-source OCT (SS-OCT), which utilizes a newer time-encoded frequency domain OCT, has been introduced. The CASIA2 incorporates both this and Fourier-domain technology for anterior segment imaging. This newer AS-OCT provides a faster scanning speed of 50,000 A-scans per second, with substantial improvement in the total scanning time of 0.3 to 2.4 seconds. 11 The axial and transverse resolutions are 10 lm or less and 30 lm or less, respectively. A recent study has shown good reproducibility in measuring anterior segment parameters (ICC 0.86-0.99). 18 Previous published articles have reported the comparison between anterior segment parameters obtained from different OCT modalities. Marion et al. 19 evaluated the agreement of anterior chamber parameters between two spatially encoded Fourier-domain OCTs (FD-OCT), Cirrus and Spectralis OCT, both of which employ the shorter wavelengths (840-870 nm). The measurements obtained from both devices were comparable and could be used interchangeably (ICC > 0.979). However, the parameters in this study were calculated based on identification of Schwalbe's line (SL), not the SS as in our study and most prior studies using AS-OCT. They reported a mean difference of À0.016 mm (LOA À0.125 to 0.092 mm) for SL-AOD (AOD based on identification of SL) and À0.007 mm 2 (LOA À0.056 to 0.043 mm 2 ) for SL-TISA. Another recent study from Xu et al. 18 found excellent interdevice reproducibility between Spectralis and CASIA2. The reported ICCs were 0.78, 0.78, 0.20, and 0.93 for AOD750, TISA750, ACW, and LV, respectively. The ICC values from their study were consistent with our findings, except for the ACW, for which their results showed particularly low agreement. The authors speculated that the low ICC in ACW was due to the variability in the scan location. The LOA of their studied parameters also showed wider ranges than our findings (e.g., LOA for TISA750 in Xu et al., 18 À0.13 to 0.26 vs. À0.006 to 0.019 and À0.010 to 0.019 mm for nasal and temporal, respectively, in the present study). The difference in the wavelengths of the Spectralis OCT2 (880 nm) and CASIA2 (1310 nm) may contribute to the greater span of LOA in their study. For the direct comparison among AS-OCT devices, Leung et al. 20 compared anterior chamber angle measurements between Visante OCT and slit-lamp OCT. In contrast to the study from Marion et al. 19 and Xu et al., 18 this study found that there was poor agreement with the wide spans of LOA for the nasal/temporal measurement values, which were 0.437/0.531 mm and 0.174/0.186 mm 2 for AOD500 and TISA500, respectively. Aptel et al. 21 studied the agreement between the Visante OCT and the CASIA SS-1000. The results showed, similar to ours, good agreement between the two devices in AOD500/750 and TISA500/750 and found significant bias in ACD, with greater values in CASIA. This study was conducted with CASIA SS-1000, which was the firstgeneration swept-source AS-OCT. With updated technology for swept-source imaging, the newer generation CASIA2 improves the image resolution by increasing the scans per line from 512 A-scans in the CASIA SS-1000 to 800 A-scans. Moreover, the images from the Visante OCT in Aptel et al. 21 were assessed with the built-in measurement software, which limits the user to fewer parameters than with the ZAAP software, which allows for the assessment of other notable parameters such as ARA, ACW, and LV.
Based on our data, although most parameters showed good agreement between the two devices, we found significant biases in many angle parameters. The existence of the biases despite the fact that both devices utilize the same wavelengths could be attributable to the differences in the specific OCT technology, the axis for centering the scan, the accommodation induced by internal fixation, and the measurement software algorithm. First, the Visante OCT is a TD-OCT, whereas the CASIA2 is a new generation SS-OCT. Existing data indicate that the difference in OCT technology can result in disparities of the measurement values. Many studies have found discrepancies in various measurements (i.e., corneal thickness, nerve fiber layer thickness, and macular thickness) across the TD-OCT, FD-OCT, and SS-OCT devices. [22] [23] [24] [25] It is still unclear whether the discrepancies are a direct result of the differences in the technologies used to acquire images, including the acquiring speed, scanning rate, and image resolution, or in the postcapture data processing, where CASIA2 images are corrected for the effect of refraction at the anterior surface of the cornea as opposed to the Visante OCT software in which the correction is done in both anterior and posterior surfaces of cornea. 26, 27 Second, each machine utilized a different axis for centering the scan. Visante OCT has a manually adjustable centration function. The center of the cross-sectional scan was manually adjusted to achieve images that contain a corneal vertex reflex seen as a bright vertical flare, which indicates alignment with the optical axis. This method is recommended to ensure that angles on both sides are on a meridional plane. 28 As opposed to the Visante OCT, the CASIA2 captures its images in a three-dimensional algorithm. The machine automatically aligns the scan by finding the top point of cornea and captures all its meridional scans using the vertex as the central point. The differences in capture alignment could certainly have an influence on the angle analysis. Third, the internal fixating target could induce some level of accommodation during image acquisition. This near work accommodation may subsequently lead to ciliary body contraction and anterior lens movement. 29 Therefore, the differences in the magnitude of accommodation between the devices may possibly affect the parameter measurements. However, our study showed excellent agreement with no evidence of bias for LV, which would be expected to be affected by accommodation. These results suggest that the influence of accommodation is minimal or approximately the same between both OCT machines. Lastly, the software measurement of the parameters is another factor that could influence the actual values obtained. It is known that the ZAAP software's border detection is based on pixel information and basic edge argument algorithms. The algorithm utilizes data from the extracted 300 3 600 eight-bit grayscale image in which each pixel is subsequently categorized into tissue or open space by comparing it with a software-calculated threshold value. 30, 31 However, the CASIA2 utilizes a proprietary method to carry out segmentation, but there is no public information available regarding the details of their software algorithm.
The considerable proportional bias seen in the nasal and temporal ARA750 showed that the difference between measurement values from the two machines, greater in Visante OCT, became larger as the measurement values increased. This finding is likely to be affected by the location of the angle recess (AR). Given that no such biases were detected in the TISA measure, which is ARA minus the triangular area peripheral to the line drawn from SS perpendicular to the plane of the inner scleral wall to the opposing iris, the discordance of this triangular area measured by each machine is likely to be a cause of the scaling effect of ARA750 in our findings. The positive slope of the best-fitted or best-fit regression line in ARA750 (the value from the Visante OCT increased approximately 2.5 times with each 1 mm 2 increase in the CASIA2) may represent the tendency for the AR point to be designated at a more peripheral location (more posterior and closer to the scleral wall) in the Visante OCT compared to the CASIA2. One possible explanation is that the better resolution in the CASIA2 can provide better details around the recess area, which is the most crowded part of the angle; thus, in the Visante OCT, the lower pixel density in the small area of the angle recess is prone to be incorrectly detected as an empty space rather than tissue. Hence, the software-generated demarcation of the tissue border can be falsely shifted more toward (or into) the scleral wall in the Visante OCT. Another possibility is that the differences in the measurement software algorithms could lead to the disparities in detecting anatomical landmark tissues. The small area, such as the recess area, could be more sensitive to variations in the software algorithms.
Angle parameters have been proposed as an objective measure to determine angle closure. 8, 32 Numerous studies have shown that the Visante OCT has good reliability and reproducibility of the angle parameters. 33, 34 Although our analysis showed the good agreement of angle measurement values between CASIA2 and Visante OCT, it is still not recommended that these values be used interchangeably for clinical interpretation. Not only did many angle parameters possess some degree of constant and/or proportional bias, the ranges of the LOA are relatively wide compared to the published cutoffs for detecting narrow angles. For example, Radhakrishnan et al. 35 evaluated angle parameters with Visante OCT and proposed the AOD500 cutoff of 0.191 mm for occludable angle, and our data show the LOA of nasal AOD500 to be À0.117 to 0.187 mm, in which the upper limit (0.187) is almost equal to the cutoff. Moreover, among most of the parameters with significant biases, CASIA2 tended to provide higher measurements and thus could lead to a tendency toward assessment of an open angle in CASIA2 compared to Visante OCT, perhaps including when clinicians assess images subjectively. In contrast, ARA750 that was documented for proportional biases had greater value in the Visante. Using a temporal ARA750 cutoff of 0.191 mm 2 as proposed by Narayanaswamy et al., 8 an example case where the measurement is 0.174 mm 2 by CASIA2 and 0.311 mm 2 by Visante OCT would be classified as closed angle with CASIA2 but open angle with Visante OCT. Our results, taken together with the published data, highlight that the use of the cutoffs may need to be device specific. When comparing across the different OCT devices, TISA tends to have the smallest mean difference and good to excellent ICC, whereas parameters related to the recess point (i.e., ARA, trabecular iris angle, SS angle) tend to be disparate among devices. [18] [19] [20] [21] The strength of our study is that we used a single OCT operator and a single image grader, which could help to minimize the variability of the image acquisition and the parameter measurements. The nasal and temporal angles were analyzed separately for best direct comparison. In addition, the images were graded in random sequence to reduce the potential bias. However, our study has some limitations. First, approximately one third of our study samples were angle closure. This group is known to have smaller values of angle parameters; therefore, the values might not be equally distributed to the whole range of angle widths. Nevertheless, since most of the patients who require AS-OCT scanning for making therapeutic decisions have narrow angles, our data may represent the distribution in a practical clinical setting. Second, we focused only on the agreement in the measurement values and did not evaluate the diagnostic ability in detecting angle closure disease. In addition, only images at the horizontal scans were included for analysis. Although the CASIA2 is able to obtain up to 128 radial cross-sectional images covering 360 degrees in a single capture, we used only the horizontal scan for direct comparison with the standard horizontal scan of the Visante OCT. Future studies may also compare other meridians, although care must be taken to avoid pressure against the eye when holding the eyelids to access the vertical scans. Last, the current limited use of AS-OCT by clinicians may constrain the utility of our data in current clinical practice. In the future, however, as many researchers and device companies develop automated software to distinguish narrow/closed angles using measurement parameters, the use and interpretation of AS-OCT parameters may become simpler and more user-friendly for clinicians.
In conclusion, the CASIA2 and Visante OCTs had generally good agreement, especially for anterior chamber and lens parameters. However, there was evidence of proportional and constant biases for most angle parameters. Among those parameters with constant biases, CASIA2 tends to give greater numbers. The proportional biases were most prominent in the ARA750. It is not recommended that the measurement values be used interchangeably across the devices.
